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DAMPER WITH A SLANTED ELLIPTICAL
SEAL

CROSS-REFERENCE TO RELATED
APPLICATION

The present disclosure 1s a continuation of U.S. patent
application Ser. No. 17/567,291 filed on Jan. 3, 2022. The

entire disclosure of the application referenced above 1is
incorporated herein by reference.

FIELD

The present disclosure generally relates to dampers. More
particularly, the present disclosure relates to dampers with
multiple external control valves.

BACKGROUND

This section provides background information related to
the present disclosure which 1s not necessarily prior art.

Vehicles generally include dampers that are used in con-
junction with suspension systems to absorb vibrations and
bumps during driving. In order to absorb vibration and
bumps, dampers are generally connected between a body
and the suspension system of the vehicle. A piston 1s located
within the damper and separates a first working chamber and
a second working chamber. The piston 1s connected to the
vehicle body or the suspension of the vehicle through a
piston rod. One or more control valves may control the flow
of flmd during extension/rebound and compression strokes
of the piston. Control valves are typically externally
mounted to the damper.

When more than one control valve 1s provided, the control
valves may be externally mounted to one side of the damper
in a side-by-side arrangement or on opposite sides of the
damper 1n a longitudinally staggered arrangement. This 1s
because the longitudinal position of the control valves, when
mounted to opposite sides of the damper, 1s often limited by
the mternal components of the damper. In current damper
designs, two control valves may not be mounted to the
damper at the same height or longitudinal position. As a
result, the damper occupies more packaging space and leads
to further complexity within the suspension system.

SUMMARY

This section provides a general summary of the disclo-
sure, and 1s not a comprehensive disclosure of its full scope
or all of 1ts features.

In accordance with one aspect of the present disclosure, a
damper 1s provided. The damper includes an inner tube that
extends longitudinally between a first inner tube end and a
second 1nner tube end along a longitudinal axis. The damper
includes a piston assembly including a piston that 1s slidably
disposed within the inner tube to define a first working
chamber and a second working chamber. The damper also
includes an outer tube that 1s disposed annularly around the
iner tube and extends longitudinally between a first outer
tube end and a second outer tube end. An intermediate tube
1s disposed annularly about the inner tube and positioned
radially between the mnner tube and the outer tube. The
intermediate tube extends longitudinally between a first
intermediate tube end and a second intermediate tube end.
Additionally, the intermediate tube 1includes a first interme-
diate tube opeming and a second intermediate tube opening
that extend radially through the intermediate tube. An inter-
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2

mediate channel 1s disposed radially between the interme-
diate tube and the inner tube and a reservoir chamber 1is
disposed radially between the intermediate tube and the
outer tube.

The damper includes a slanted elliptical seal that 1s
positioned inside the intermediate channel and divides the
intermediate channel mto a first intermediate channel por-
tion and a second intermediate channel portion. A first
control valve 1s arranged in fluild communication with the
second mtermediate channel portion via the first intermedi-
ate tube opening. Additionally, a second control valve 1s
arranged 1n fluid communication with the first intermediate
channel portion via the second intermediate tube opening.
The slanted elliptical seal 1s positioned at an oblique angle
relative to the longitudinal axis such that the slanted ellip-
tical seal abuts the intermediate tube between the first
intermediate tube opening and the first intermediate tube end
and abuts the intermediate tube between the second inter-

mediate tube opening and the second intermediate tube end.

In accordance with another aspect of the present disclo-
sure, the damper may further include a piston valve and a
base valve assembly. The base valve assembly includes a
base valve body and a base valve. The base valve body has
projections that abut the second outer tube end to define a
fluid transport chamber that 1s positioned between the sec-
ond outer tube end and the base valve body. In addition, the
first control valve has a first control valve inlet and a first
control valve outlet. The second control valve has a second
control valve mlet and a second control valve outlet.

In accordance with another aspect of the present disclo-

sure, the damper may further include a first cover member
and a second cover member. The first cover member 1s
attached to the outer tube such that a first collector chamber
1s defined between the first cover member and the outer tube.
The first control valve 1s externally mounted to the first
cover member. The second cover member 1s attached to the
outer tube such that a second collector chamber 1s defined
between the second cover member and the outer tube. The
second control valve 1s externally mounted to the second
cover member.

In accordance with another aspect of the present disclo-
sure, the damper may 1include mner and outer tubes. A piston
1s slidably disposed within the mnner tube. An intermediate
tube 1s positioned radially between the inner and outer tubes.
An mtermediate channel 1s disposed radially between the
intermediate and 1nner tubes. A slanted elliptical seal 1is
positioned at an oblique angle relative to a longitudinal axis
of the mner tube and divides the intermediate channel into
first and second intermediate channel portions. A first con-
trol valve 1s 1n fluid communication with the second inter-
mediate channel portion via a first intermediate tube open-
ing. A second control valve 1s 1n fluid communication with
the first intermediate channel portion via a second interme-
diate tube opening.

Advantageously, the damper design disclosed, with 1ts
slanted elliptical seal, allows for the first and second control
valves to be positioned at diametrically opposed locations on
the outer tube. The disclosed damper design can therefore be
more easily packaged within the suspension system and 1s
well suited for a wide spectrum of vehicles compared to
other damper designs.

BRIEF DESCRIPTION OF DRAWINGS

The drawings described herein are for illustrative pur-
poses only of selected embodiments and not all possible
implementations, and are not intended to limait the scope of
the present disclosure.
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FIG. 1 1s a side cross-sectional view of an exemplary
damper constructed in accordance with the present disclo-
SUre;

FIG. 2 1s an enlarged side cross-sectional view of the
exemplary damper shown in FIG. 1;

FIG. 3 1s an enlarged side cross-sectional view of the
exemplary damper shown 1n FIG. 1, where the O-ring seal
carrier has a diflerent arrangement;

FIG. 4 1s a side cross-sectional view of the exemplary
damper shown m FIG. 1, where arrows are mcluded 1llus-
trating the fluid tlow path through the damper during a
compression stroke;

FIG. 5 1s a side cross-sectional view of the exemplary
damper shown 1n FIG. 2, where arrows are included 1llus-
trating the fluid tlow path through the damper during an
extension/rebound stroke;

FI1G. 6 1s a perspective view of another exemplary damper
constructed 1n accordance with the present disclosure;

FIG. 7 1s an enlarged side cross-sectional view of the
exemplary damper shown in FIG. 6;

FIG. 8 1s a rear cross-sectional view of the exemplary
damper shown 1 FIG. 6;

FIG. 9 1s an enlarged side cross-sectional view of the
exemplary damper shown in FIG. 6, where arrows are
included illustrating the fluid flow path through the damper
during a compression stroke; and

FIG. 10 1s an enlarged side cross-sectional view of the
exemplary damper shown in FIG. 6, where arrows are
included 1illustrating the fluid flow path through the damper
during an extension/rebound stroke.

DETAILED DESCRIPTION

Example embodiments will now be described more fully
with reference to the accompanying drawings. Example
embodiments are provided so that this disclosure will be
thorough, and will fully convey the scope to those who are
skilled 1n the art. Numerous specific details are set forth such
as examples of specific components, devices, and methods,
to provide a thorough understanding of embodiments of the
present disclosure. It will be apparent to those skilled in the
art that specific details need not be employed, that example
embodiments may be embodied 1n many different forms and
that neither should be construed to limit the scope of the
disclosure. In some example embodiments, well-known
processes, well-known device structures, and well-known
technologies are not described 1n detail.

The terminology used herein 1s for the purpose of describ-
ing particular example embodiments only and 1s not
intended to be limiting. As used herein, the singular forms
“a,” “an,” and “the” may be intended to include the plural

d,
torms as well, unless the context clearly indicates otherwise.
The terms “comprises,” “comprising,” “including,” and
“having,” are inclusive and therefore specity the presence of
stated features, integers, steps, operations, elements, and/or
components, but do not preclude the presence or addition of
one or more other features, integers, steps, operations,
clements, components, and/or groups thereotf. The method
steps, processes, and operations described herein are not to
be construed as necessarily requiring their performance in
the particular order discussed or illustrated, unless specifi-
cally identified as an order of performance. It 1s also to be
understood that additional or alternative steps may be
employed.

When an element or layer 1s referred to as being “on,”
“engaged to,” “connected to,” or “coupled to” another
clement or layer, 1t may be directly on, engaged, connected
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4

or coupled to the other element or layer, or intervening
clements or layers may be present. In contrast, when an
clement 1s referred to as being “directly on,” “directly
engaged to,” “directly connected to,” or “directly coupled
to” another element or layer, there may be no intervening
clements or layers present. Other words used to describe the
relationship between elements should be interpreted 1n a like
fashion (e.g., “between” versus “directly between,” “adja-
cent” versus “directly adjacent,” etc.). As used herein, the
term “and/or” includes any and all combinations of one or
more of the associated listed 1tems.

Although the terms first, second, third, etc. may be used
herein to describe various elements, components, regions,
layers and/or sections, these elements, components, regions,
layers and/or sections should not be limited by these terms.
These terms may be only used to distinguish one element,
component, region, layer or section from another region,
layer or section. Terms such as “first,” “second,” and other
numerical terms when used herein do not imply a sequence
or order unless clearly indicated by the context. Thus, a first
clement, component, region, layer or section discussed
below could be termed a second element, component,
region, layer or section without departing from the teachings
of the example embodiments.

Spatially relative terms, such as “iner,” “outer,”
“beneath,” “below,” “lower,” “above,” “upper,” and the like,
may be used herein for ease of description to describe one
clement or feature’s relationship to another element(s) or
teature(s) as 1llustrated 1n the figures. Spatially relative terms
may be intended to encompass different orientations of the
device 1n use or operation in addition to the orentation
depicted 1n the figures. For example, 11 the device in the
figures 1s turned over, elements described as “below” or
“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, the example
term “below” can encompass both an orientation of above
and below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

FIGS. 1 and 2 illustrate an exemplary damper 50 con-
structed 1n accordance with the present disclosure. It should
be appreciated that the damper 50 i1s configured to be
installed 1in a vehicle where opposite ends of the damper 50
are connected to a body and a suspension system (i.e.,
unsprung mass) of the vehicle (not shown). It should also be
appreciated that the damper 50 1s configured to dampen the
relative movement of the unsprung portion of the suspension
system and the sprung portion (1.¢., body) of the vehicle.

The damping level, damping rate, or damping character-
istics of the damper 50 may be controlled to optimize the
ride performance of the vehicle. The term “damping level”,
as used herein, refers to a damping force produced by each
damper 350 to counteract compression and/or extension/
rebound movements. A higher damping level may corre-
spond to a higher damping force. Similarly, a lower damping,
level may correspond to a lower damping force. Adjustment
of the damping levels 1s beneficial during braking and
turning of the wvehicle to counteract brake dive during
braking and body roll during turns. Furthermore, the damp-
ing level of each damper 50 may be adjusted based on a
driving mode of the vehicle. The driving mode may include
a sport mode and a comiort mode. In another non-limiting
example, the damping level of each damper 50 may be based
on external road conditions and/or internal vehicle condi-
tions. External road conditions include rain, snow, mud, and
the like. Internal road conditions include fuel level, occu-
pancy of the vehicle, load, and so forth.
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The vehicle may be in the form of a variety of vehicle
types. Examples of such vehicle types include passenger
cars, buses, trucks, off-road vehicles, three-wheelers, ATVs,
motor bikes, and so forth. Furthermore, the term “damper”
as used herein will refer to dampers 1 general and will
include shock absorbers, McPherson struts, and semi-active
and active suspensions.

The damper 50 may optionally by configured as a con-
tinuously variable semi-active suspension system damper
50. The damper 50 contains fluid. By way of example and
without limitation, the fluid 1s hydraulic fluid or oil. The
damper 50 includes an inner tube 52 extending longitudi-
nally between a first inner tube end 54 and a second inner
tube end 56. A piston assembly 58 includes a piston 60 that
1s slidably disposed within the inner tube 52 to define a first
working chamber 62 and a second working chamber 64. The
first working chamber 62 1s positioned longitudinally
between the piston 60 and the first inner tube end 54. The
first working chamber 62 acts as a rebound chamber during
movement of the piston 60. The second working chamber 64
1s positioned longitudinally between the piston 60 and the
second inner tube end 356. The second working chamber 64
acts as a compression chamber during movement of the
piston 60. The piston 60 includes a piston passage 66 that
extends longitudinally through the piston 60 between the
first and second working chambers 62, 64.

The piston assembly 58 further includes a piston valve 68.
The piston valve 68 1s mounted on the piston 60 and
configured to limit fluid flow through the piston passage 66
from the second working chamber 64 to the first working
chamber 62. The piston valve 68 includes at least one flex
disc 70. The flex disc(s) 70 of the piston valve 68 are
configured to flex toward the piston 60 and close the piston
passage 66 when a pressure diflerential between the first and
second working chambers 62, 64 1s below a first pressure
threshold. The flex disc(s) 70 of the piston valve 68 are
configured to tlex away from the piston 60 and open the
piston passage 66 when the pressure diflerential between the
first and second working chambers 62, 64 exceeds the first
pressure threshold, thereby allowing fluid in the second
working chamber 64 to flow through the piston passage 66
and 1nto the first working chamber 62.

The damper 50 also includes an outer tube 72 disposed
annularly around the inner tube 52. The outer tube 72
extends longitudinally between a first outer tube end 74 and
a second outer tube end 76. A closed end portion 78 1is
positioned at the second outer tube end 76 and closes off the
second outer tube end 76. A piston rod guide 80 1s housed
inside the first outer tube end 74. The piston rod guide 80
includes a piston rod passage 82 that extends longitudinally
between the first outer tube end 74 and the first working,
chamber 62 of the mner tube 52. A piston rod 84 extends
longitudinally between a first piston rod end 86 and a second
piston rod end 88 along a longitudinal axis 90, through the
piston rod passage 82 of the piston rod guide 80. The second
piston rod end 88 1s attached to the piston 60 and the first
piston rod end 86 1s configured to attach to a suspension
component of the vehicle (not shown).

The damper 50 further includes a base valve assembly 92.
The base valve assembly 92 includes a base valve body 94
and a base valve 96. The base valve body 94 has projections
95 that abut the closed end portion 78 of the second outer
tube end 76 and defines a fluid transport chamber 98
positioned between the closed end portion 78 and the base
valve body 94. The base valve body 94 includes a base valve
passage 100 that extends longitudinally through the base
valve body 94 between the second working chamber 64 and
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the fluid transport chamber 98. The base valve 96 includes
at least one flex disc 70 that 1s configured to flex toward the
base valve body 94 and close the base valve passage 100
when a pressure differential between the second working
chamber 64 and the fluid transport chamber 98 1s below a
second pressure threshold. The flex disc(s) 70 of the base
valve 96 are configured to flex away from the base valve
body 94 and open the base valve passage 100 when the
pressure differential between the second working chamber
64 and the fluid transport chamber 98 exceeds the second
pressure threshold, thereby allowing fluid in the fluid trans-
port chamber 98 to tlow through the base valve passage 100
and into the second working chamber 64.

Further, the damper 50 includes an mtermediate tube 102
disposed annularly about the mner tube 32 and positioned
radially between the 1nner tube 52 and outer tube 72. The
intermediate tube 102 extends longitudinally between a first
intermediate tube end 104 and a second intermediate tube
end 106. The intermediate tube 102 includes a first inter-
mediate tube opening 108 and a second intermediate tube
opening 110 that extend radially through the intermediate
tube 102 at diametrically opposed locations. The first inter-
mediate tube end 104 includes a first circumferential groove
112 and the second intermediate tube end 106 includes a
second circumierential groove 114. A first O-ring 116 1s
positioned within the first circumierential groove 112 and
abuts the inner tube 52. A second O-ring 118 1s positioned
within the second circumiferential groove 114 and abuts the
inner tube 52. An intermediate channel 120 1s disposed
radially between the intermediate tube 102 and the inner
tube 52. The mtermediate channel 120 extends longitudi-
nally between a first intermediate channel end 122 and a
second intermediate channel end 124.

The damper 50 further includes a reservoir chamber 126
that 1s disposed radially between the intermediate tube 102
and the outer tube 72. The reservoir chamber 126 extends
longitudinally between a first reservoir chamber end 128 and
a second reservoir chamber end 130. The first reservoir
chamber end 128 is positioned adjacent to the piston rod
guide 80 and the second reservoir chamber end 130 1is
positioned adjacent to the closed end portion 78 of the
second outer tube end 76. At least one reservoir chamber
passage 132 1s positioned between the projections 95 of the
base valve body 94. The reservoir chamber passage 132 1s
arranged 1n fluid communication with and extends between
the reservoir chamber 126 and the fluid transport chamber
98.

The damper 50 may be positioned at a variety of orien-
tations. By way of non-limiting example, the damper 530 may
be positioned horizontally or vertically. When the damper 50
1s positioned vertically with the first outer tube end 74
located above the second outer tube end 76, the reservoir
chamber 126 1s filled with the fluud and a gas. The gas
migrates toward the first reservoir chamber end 128 and the
fluid fills the reservoir chamber 126 from the second reser-
volir chamber end 130 toward the first reservoir chamber end
128; however, 1t should be appreciated that other orienta-
tions, including other vertical orientations, are possible.

The damper 50 also 1includes a first outer tube opening 134
and a second outer tube opening 136 that are arranged 1n
fluid communication with the reservoir chamber 126. The
first and second outer tube openings 134, 136 extend radially
through the outer tube 72 at diametrically opposed locations.
A first control valve 138 1s externally mounted to the outer
tube 72 and 1s positioned at the first outer tube openming 134.
The first control valve 138 has a first control valve ilet 140
and a first control valve outlet 142. A first control valve seat




US 12,146,548 B2

7

144 1s positioned 1n the first outer tube opening 134 and
extends radially through the reservoir chamber 126 to abut
the mtermediate tube 102 and connect with the first inter-
mediate tube opening 108. A first control valve inlet passage
146 extends through the first control valve seat 144. The first
control valve inlet passage 146 i1s aligned with the first
intermediate tube opening 108 and 1s arranged in fluid
communication with the first intermediate tube opening 108
and the first control valve inlet 140. A first control valve
outlet passage 148 1s positioned circumierentially between
the first outer tube opening 134 and the first control valve
seat 144. The first control valve outlet 142 1s arranged 1n
fluid communication with the reservoir chamber 126 via the
first control valve outlet passage 148. The first control valve
outlet 142 1s configured as a plurality of holes, slots, or
apertures.

A second control valve 150 1s externally mounted to the
outer tube 72 and 1s positioned at the second outer tube
opening 136. The second control valve 150 has a second
control valve inlet 152 and a second control valve outlet 154.
A second control valve seat 156 1s positioned in the second
outer tube opening 136 and extends radially through the
reservolr chamber 126 to abut the intermediate tube 102 and
connect to the second intermediate tube opening 110. A
second control valve inlet passage 158 extends through the
second control valve seat 156. The second control valve inlet
passage 158 1s aligned with the second intermediate tube
opening 110 and 1s arranged 1n fluid communication with the
second 1ntermediate tube opening 110 and the second con-
trol valve inlet 152. A second control valve outlet passage
160 1s positioned circumierentially between the second outer
tube opening 136 and the second control valve seat 156. The
second control valve outlet 154 1s arranged in flmd com-
munication with the reservoir chamber 126 via the second
control valve outlet passage 160. The second control valve
outlet 154 1s configured as a plurality of holes, slots, or
apertures.

The first and second control valves 138, 150 are two-
position, solenoid actuated electro-mechanical valves. The
first and second control valves 138, 150 are positioned at
diametrically opposed locations. In other words, the first and
second control valves 138, 150 are circumierentially spaced
180 degrees apart from each other about the outer tube 72.
Furthermore, the first and second outer tube openings 134,
136 are circumierentially spaced 180 degrees apart from
each other about the outer tube 72, the first and second
intermediate tube openings 108, 110 are circumierentially
spaced 180 degrees apart from each other about the 1nner
tube 52, the first and second control valve inlet passages 146,
158 are circumierentially spaced 180 degrees apart from
cach other about the intermediate tube 102 and the first and
second control valve outlet passages 148, 160 are circum-
terentially spaced 180 degrees apart from each other about
the intermediate tube 102. In other words, the first and
second control valves 138, 150, the first and second outer
tube openings 134, 136, the first and second control valve
inlet passages 146, 158, and the first and second 1nterme-
diate tube openings 108, 110 are all co-axially aligned with
a tangent line 162 that intersects the longitudinal axis 90 as
a perpendicular (1.e., 90 degree) angle.

During a compression stroke of the damper 50, the first
control valve 138 regulates fluid flow from the second
working chamber 64 to the reservoirr chamber 126 in
response to movement of the piston 60 toward the second
inner tube end 56. The first control valve 138 1s 1n the open
position during compression strokes of the damper 30 to
control compression damping characteristics of the damper
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50. Specifically, the degree of opening of the first control
valve 138 may be regulated to adjust the compression
damping characteristics of the damper 50. The second
control valve 150 1s in the closed position during compres-
sion strokes of the damper 50. As a result, there 1s no
communication of fluid directly between the first working
chamber 62 and the reservoir chamber 126.

During an extension/rebound stroke of the damper 50, the
second control valve 150 regulates fluid tlow from the first
working chamber 62 to the reservoirr chamber 126 in
response to movement of the piston 60 towards the first inner
tube end 54. The second control valve 150 1s 1n the open
position during extension/rebound strokes of the damper 50
to control extension/rebound damping characteristics of the
damper 50. Specifically, the degree of opening of the second
control valve 150 may be regulated to adjust the extension/
rebound damping characteristics of the damper 50. The first
control valve 138 1s 1n the closed position during extension/
rebound strokes of the damper 50.

The damper 50 further includes a slanted elliptical seal
166 that 1s positioned within the imtermediate channel 120.
The slanted elliptical seal 166 divides the intermediate
channel 120 1nto a first intermediate channel portion 168 and
a second intermediate channel portion 170. The first inter-
mediate channel portion 168 1s arranged 1n fluid communi-
cation with the first working chamber 62 via at least one first
working chamber opening 172. The first working chamber
opening 172 extends through the inner tube 52 between the
first working chamber 62 and the first intermediate channel
portion 168. The first intermediate channel portion 168 1s
arranged 1n fluid communication with the second control
valve 1nlet 152 via the second intermediate tube opeming
110. The second intermediate channel portion 170 1s
arranged 1n fluid communication with the second working
chamber 64 via at least one second working chamber
opening 174. The second working chamber opening 174
extends through the inner tube 32 between the second
working chamber 64 and the second intermediate channel
portion 170. The second intermediate channel portion 170 1s
arranged 1n fluid communication with the first control valve
inlet 140 via the first intermediate tube opening 108.

With continued reference to FIG. 2, the slanted elliptical
seal 166 includes an O-ring seal 176. Furthermore, the
slanted elliptical seal 166 includes a first support ring 178
and a second support ring 180. Each of the first and second
support rings 178, 180 of the slanted elliptical seal 166 1s
fixedly attached to the intermediate tube 102. More specifi-
cally, each of the first and second support rings 178, 180 of
the slanted elliptical seal 166 may be welded to the inter-
mediate tube 102. The first and second support rings 178,
180 of the slanted elliptical seal 166 are longitudinally
spaced. The O-ring seal 176 1s disposed longitudinally
between the first and second support rings 178, 180 of the
slanted elliptical seal 166 1n an abutting arrangement such
that the slanted elliptical seal 166 forms a partition 182
between the first intermediate channel portion 168 and the
second intermediate channel portion 170. The O-ring seal
176 of the slanted elliptical seal 166 1s positioned at an
oblique angle 184 relative to the longitudinal axis 90 such
that the slanted elliptical seal 166 abuts the intermediate tube

102 between the first intermediate tube opening 108 and the
first intermediate tube end 104 and abuts the intermediate
tube 102 between the second intermediate tube opening 110
and the second intermediate tube end 106. In other words,
the slanted elliptical seal 166 prevents fluid 1n the first
intermediate channel portion 168 from flowing into the first
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control valve 138 and prevents fluid 1n the second 1nterme-
diate channel portion 170 from flowing into the second
control valve 150.

In some arrangements and as shown 1n FIG. 3, the slanted
clliptical seal 166 may include a slanted elliptical seal body
186 that extends annularly about the inner tube 32 and
includes a slanted elliptical groove 188 that receives the
O-ring seal 176. The slanted elliptical seal body 186 gen-
erally has a tubular shape and includes two scalloped
openings/cut-outs 189a, 1895 that are aligned with and are
open to the first and second intermediate tube opemings 108,
110, respectively, such that the slanted elliptical seal body
186 does not obstruct the first and second intermediate tube
openings 108, 110.

Operation of the damper 50 during a compression stroke
an extension/rebound stroke will now be explained 1n
greater detail. With reference to FIG. 4, the damper 50 is
shown 1n the compression stroke. A compression flow path
F1 1s defined when the first control valve 138 1s open. The
piston 60 moves toward the second inner tube end 56 where
fluid 1n the second working chamber 64 flows through the
piston valve 68 of the piston assembly 58 to the first working,
chamber 62 via the piston passage 66 along flow path F2.
Fluid 1n the second working chamber 64 also flows to the
second intermediate channel portion 170 via the second
working chamber opening 174 along flow path F3. Fluid in
the second intermediate channel portion 170 flows to the
first control valve inlet 140 via the first control valve inlet
passage 146. Finally, fluid from the first control valve inlet
140 flows to the first control valve outlet 142 and into the
reservolr chamber 126 via the first control valve outlet
passage 148 along the compression flow path F1.

With reference to FIG. 3, the damper 50 1s shown in an
extension/rebound stroke. An extension flow path F4 is
defined when the second control valve 150 1s open. The
piston 60 moves toward the first inner tube end 54 where
fluid 1n the first working chamber 62 flows to the first
intermediate channel portion 168 via the first working
chamber opening 172 along flow path F5. Fluid in the
reservolr chamber 126 flows through the base valve 96 of the
base valve assembly 92 to the second working chamber 64
along flow path F6. Fluid in the first intermediate channel
portion 168 flows to the second control valve inlet 152 via
the second control valve inlet passage 158. Finally, fluid
from the second control valve mlet 152 flows to the second
control valve outlet 154 and into the reservoir chamber 126
via the second control valve outlet passage 160 along the
extension flow path F4.

In FIGS. 6 to 10, another exemplary damper 250 1s
shown. Many of the elements of the damper 50 previously
described are the same or substantially the same amongst the
embodiments and will not be described in detail again.
Equivalent elements shared between the embodiments have
the same or corresponding reference numbers. For example,
reference numeral 50 1n FIGS. 1 to 5§ corresponds to refer-
ence numeral 250 1n FIGS. 6 to 10. Additionally, reference
numeral 150 1n FIGS. 1 to 5 correspond to reference numeral
350 1in FIGS. 6 to 10.

FIGS. 6 to 8 illustrate another exemplary damper 250. The
damper 250 includes an inner tube 252 that extends longi-
tudinally between a first inner tube end 254 and a second
inner tube end 256. A piston 260 1s slidably disposed within
the inner tube 252 to define a first working chamber 262 and
a second working chamber 264 within the inner tube 252. A
piston rod 284 extends longitudinally along a longitudinal
axis 290 and 1s connected to the piston 260 at one end.
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In the i1llustrated example, the piston 260 seals against the
inside of the inner tube 252 and 1s free of orifices or passages
such that there 1s no fluid flow through the piston 260. In
other words, fluid 1n the first working chamber 262 cannot
pass through the piston 260 into the second working cham-
ber 264 or vice versa. However, alternative configurations
are possible where the piston 260 may include valving to
limit high internal pressures within the first and second
working chambers 262, 264.

The damper 250 further includes an outer tube 272
disposed annularly around the inner tube 252. The outer tube
272 extends longitudinally between a first outer tube end
274 and a second outer tube end 276. The outer tube 272
includes first and second outer tube openings 334, 336 that
extend radially through the outer tube 272 at diametrically
opposed locations. An intermediate tube 302 1s disposed
annularly about the inner tube 252 and 1s positioned radially
between the inner tube 252 and the outer tube 272. The
intermediate tube 302 extends longitudinally between a first
intermediate tube end 304 and a second intermediate tube
end 306. The mtermediate tube 302 includes a first inter-
mediate tube opening 308 and a second intermediate tube
opening 310, which extend radially through the intermediate
tube 302 at diametrically opposed locations. An intermediate
channel 320 1s disposed radially between the intermediate
tube 302 and the inner tube 252 and a reservoir chamber 326
1s disposed radially between the imntermediate tube 302 and
the outer tube 272.

As shown 1n FIG. 7, the damper 250 further includes a
slanted elliptical seal 366 that 1s positioned within the
intermediate channel 320. The slanted elliptical seal 366
divides the imntermediate channel 320 1nto a first intermediate
channel portion 368 and a second intermediate channel
portion 370. The first intermediate channel portion 368 1s
arranged 1 fluidd communication with the first working
chamber 262 via at least one first working chamber opening
372. The first working chamber opening 372 extends
through the inner tube 2352 between the first working cham-
ber 262 and the first intermediate channel portion 368. The
second 1ntermediate channel portion 370 1s arranged 1n fluid
communication with the second working chamber 264 via at
least one second working chamber opening 374. The second
working chamber opening 374 extends through the inner
tube 252 between the second working chamber 264 and the
second intermediate channel portion 370.

The slanted elliptical seal 366 includes an O-ring seal 376.
Furthermore, the slanted elliptical seal 366 includes a first
support ring 378 and a second support ring 380. Each of the
first and second support rings 378, 380 of the slanted
clliptical seal 366 is fixedly attached to the intermediate tube
302. More specifically, each of the first and second support
rings 378, 380 of the slanted elliptical seal 366 may be
welded to the intermediate tube 302. The first and second
support rings 378, 380 of the slanted elliptical seal 366 are
longitudinally spaced and the O-ring seal 376 1s disposed
longitudinally between the first and second support rings
378, 380 of the slanted elliptical seal 366 1n an abutting
arrangement. Thus, the slanted elliptical seal 366 forms a
partition 382 between the first intermediate channel portion
368 and the second intermediate channel portion 370. The
O-ring seal 376 of the slanted elliptical seal 366 1s positioned
at an oblique angle 384 relative to the longitudinal axis 290
such that the slanted elliptical seal 366 abuts the interme-
diate tube 302 between the first intermediate tube opening
308 and the first intermediate tube end 304 and abuts the
intermediate tube 302 between the second intermediate tube
opening 310 and the second intermediate tube end 306.
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In some arrangements, the slanted elliptical seal 366 may
include a slanted elliptical seal body (shown in FIG. 3) that
extends annularly about the inner tube 252 and includes a

slanted elliptical groove (shown 1n FIG. 3) that receives the
O-ring seal 376.

With continued reference to FIGS. 6 and 8, the damper
250 also includes a first cover member 390. The first cover
member 390 1s attached to the outer tube 272. By way of
example and without limitation, the first cover member 390

may be welded to the outer tube 272. A first collector
chamber 392 1s defined between the first cover member 390
and the outer tube 272. The first collector chamber 392 is
positioned externally to (1.e., radially outward of) the outer
tube 272. The first collector chamber 392 extends longitu-
dinally between a first collector chamber end 394 and a
second collector chamber end 396. The first collector cham-
ber 392 has a limited circumierential extent and extends
about the outer tube 272 1n a first arc 398 that 1s less than or
equal to 180 degrees. The outer tube 272 has an outer tube
length 400 that 1s measured longitudinally between the first
and second outer tube ends 274, 276. The first collector
chamber 392 has a first collector chamber length 402 that 1s
measured longitudinally between the first and second col-
lector chamber ends 394, 396. The first collector chamber
length 402 1s shorter than the outer tube length 400. In other
words, the first collector chamber 392 1s shorter than the
outer tube 272 and does not run the entire length of the outer
tube 272.

A first control valve 338 is externally mounted to the first
cover member 390. The first control valve 338 has a first
control valve mlet 340 and a first control valve outlet 342.
A first control valve seat 344 1s positioned at the first outer
tube opening 334 and extends radially through the reservoir
chamber 326 to abut the intermediate tube 302 and connect
with the first intermediate tube opening 308. A first control
valve inlet passage 346 extends through the first control
valve seat 344. The first control valve inlet passage 346 1s
aligned with the first intermediate tube opening 308 and 1s
arranged 1n fluild communication with the first intermediate
tube opening 308 and the first control valve inlet 340. In
other words, the first control valve inlet 340 1s arranged 1n
fluidd communication with the second intermediate channel
portion 370 via the first control valve inlet passage 346. A
first control valve outlet passage 348 15 positioned circums-
ferentially between the first outer tube opening 334 and the
first control valve seat 344. The first control valve outlet 342
1s arranged in tluid communication with the first collector
chamber 392 via the first control valve outlet passage 348.

The damper 250 further includes a second cover member
404. The second cover member 404 1s attached to the outer
tube 272 at a position that 1s diametrically opposed to the
first cover member 390. By way of example and without
limitation, the second cover member 404 may be welded to
the outer tube 272. A second collector chamber 406 1s
defined between the second cover member 404 and the outer
tube 272. The second collector chamber 406 1s positioned
external to (1.e., radially outward of) the outer tube 272. The
second collector chamber 406 extends longitudinally
between a third collector chamber end 408 and a fourth
collector chamber end 410. The second collector chamber
406 has a limited circumierential extent and extends about
the outer tube 272 1n a second arc 412 that 1s less than or
equal to 180 degrees. The second collector chamber 406 has
a second collector chamber length 414 that 1s measured

longitudinally between the third and fourth collector cham-
ber ends 408, 410. The second collector chamber length 414
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1s shorter than the outer tube length 400. Preferably, the first
collector chamber length 402 1s equal to the second collector
chamber length 414.

A second control valve 350 1s externally mounted to the
second cover member 404. The second control valve 350 has
a second control valve inlet 352 and a second control valve
outlet 354. A second control valve seat 356 1s positioned 1n
the second outer tube opening 336 and extends radially
through the reservoirr chamber 326 to abut the second
intermediate tube and connect to the second intermediate
tube opening 310. A second control valve inlet passage 358
extends through the second control valve seat 356. The
second control valve inlet passage 358 1s aligned with the
second intermediate tube opeming 310 and arranged 1n fluid
communication with the second intermediate tube opening
310 and the second control valve inlet 352. In other words,
the second control valve ilet 352 1s arranged i fluid
communication with the first intermediate channel portion
368 via the second control valve inlet passage 358. A second
control valve outlet passage 360 1s positioned circumieren-
tially between the second outer tube opening 336 and the
second control valve seat 356. The second control valve
outlet 354 1s arranged i1n fluild commumnication with the
second collector chamber 406 via the second control valve
outlet passage 360.

Because the slanted elliptical seal 366 1s positioned at an
oblique angle 384 relative to the longitudinal axis 290 and
prevents fluid 1n the first intermediate channel portion 368
from flowing into the first control valve 338 and prevents
fluid 1n the second intermediate channel portion 370 from
flowing into the second control valve 350, the first and
second control valves 338, 350 may be positioned at dia-
metrically opposed locations. More specifically, the first and
second control valves 338, 350 are circumierentially spaced
180 degrees apart from each other about the outer tube 272,
the first and second intermediate tube openings 308, 310 are
circumierentially spaced 180 degrees apart from each other
about the inner tube 252, the first and second control valve
inlet passages 346, 358 are circumierentially spaced 180
degrees apart from each other about the intermediate tube
302, and the first and second control valve outlet passages
348, 360 are circumierentially spaced 180 degrees apart
from each other about the intermediate tube 302. In other
words, the first and second control valves 338, 350, the first
and second control valve inlet passages 346, 338, and the
first and second 1ntermediate tube opening 308, 310 are all
co-axially aligned with a tangent line 362 that intersects the
longitudinal axis 290 as a perpendicular angle.

As shown 1n FIG. 7, the damper 250 includes an intake
valve assembly 416 that i1s disposed inside the outer tube
272. The 1ntake valve assembly 416 includes an adapter ring
418, a first intake valve body 420 that abuts the adapter ring
418, a second intake valve body 422 that abuts the first
intake valve body 420, a divider body 424, and a toothed
ring 426. The adapter ring 418 1s press-fit into the second
inner tube end 256. The toothed ring 426 1s positioned
longitudinally between the second intake valve body 422
and the divider body 424 1n an abutting arrangement. The
toothed ring 426 includes a plurality of teeth 428 that are
arranged to abut the divider body 424 and the plurality of
teeth 428 are circumierentially spaced to define a plurality of
channels 430 1n the toothed ring 426.

The first and second intake valve bodies 420, 422 abut the
outer tube 272 to define a first intermediate chamber 432.
The first intermediate chamber 432 1s positioned longitudi-
nally between the first and second intake valve bodies 420,

422. The divider body 424 abuts the outer tube 272 such that




US 12,146,548 B2

13

a second mtermediate chamber 434 1s defined longitudinally
between the divider body 424 and the second intake valve
body 422. An accumulation chamber 436 1s positioned
longitudinally between the divider body 424 and the second
outer tube end 276. Thus, the first intake valve body 420
forms a first partition 438 between the first intermediate
chamber 432 and the reservoir chamber 326, the second
intake valve body 422 forms a second partition 440 between
the first and second intermediate chambers 432, 434, and the
divider body 424 forms a third partition 442 between the
second intermediate chamber 434 and the accumulation
chamber 436.

The intake valve assembly 416 includes a first intake
valve 444 that 1s mounted to the first intake valve body 420
and a second 1ntake valve 446 that 1s mounted to the second
intake valve body 422. The first intake valve 444 controls
fluid flow through the intake valve assembly 416 between
the first intermediate chamber 432 and the reservoir chamber
326. The first intake valve 444 includes at least one flex disc
270 and the first intake valve body 420 includes a first intake
valve passage 448. The flex disc 270 of the first intake valve
444 1s configured to flex toward the first intake valve body
420 and close the first intake valve passage 448 when a
pressure diflerential between the first intermediate chamber
432 and the reservoir chamber 326 1s below a third pressure
threshold. The flex disc 270 of the first intake valve 444 1s
configured to flex away from the first intake valve body 420
and open the first intake valve passage 448 when the
pressure differential between the first intermediate chamber
432 and the reservoir chamber 326 exceeds the third pres-
sure threshold, thereby allowing fluid 1n the first intermedi-
ate chamber 432 to flow through the first intake valve
passage 448 and into the reservoir chamber 326.

The second intake valve 446 controls fluid flow through
the intake valve assembly 416 between the first intermediate
chamber 432 and the second intermediate chamber 434. The
second 1ntake valve 446 includes at least one tlex disc 270
and the second intake valve body 422 includes a second
intake valve passage 450. The tlex disc 270 of the second
intake valve 446 1s configured to tlex toward the second
intake valve body 422 and close the second intake valve
passage 450 when a pressure differential between the first
intermediate chamber 432 and the second intermediate
chamber 434 1s below a fourth pressure threshold. The flex
disc 270 of the second 1ntake valve 446 1s configured to flex
away from the second intake valve body 422 and open the
second 1ntake valve passage 450 when the pressure differ-
ential between the first intermediate chamber 432 and the
second 1ntermediate chamber 434 exceeds the fourth pres-
sure threshold, thereby allowing fluid 1n the first intermedi-
ate chamber 432 to flow through the second intake valve
passage 450 and into the second intermediate chamber 434.

The 1ntake valve assembly 416 also includes a central
passage 4352 that extends longitudinally through the adapter
ring 418, the first and second intake valve bodies 420, 422,
and the toothed ring 426. The central passage 452 1is
arranged 1n fluid communication with the second working
chamber 264 and the second intermediate chamber 434.
Specifically, the plurality of channels 430 between the
plurality of teeth 428 of the toothed ring 426 permit fluid
flow between the second mtermediate chamber 434 and the
central passage 4352.

In accordance with the illustrated embodiment, the
damper 250 includes an accumulator insert 454 that is
disposed within the second outer tube end 276. The accu-
mulator insert 454 includes an accumulator sleeve 456, a
floating piston 458, and a pressurized chamber 460. The
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accumulator sleeve 456 1s positioned inside the outer tube
272 and extends between a closed end 462 and an open end
464. The closed end 462 1s positioned adjacent to the second
outer tube end 276. The open end 464 1s positioned adjacent
to the intake valve assembly 416 such that the open end 464
abuts the divider body 424. The intake valve assembly 416
1s clamped between the open end 464 of the accumulator
sleeve 456 and the second 1nner tube end 256. In accordance
with this arrangement, the first and second intake valve
bodies 420, 422 and the divider body 424 do not need to be
mechanically attached to the outer tube 272 because the
intake valve assembly 416 1s held 1n place by the accumu-
lator sleeve 456.

The floating piston 438 1s pre-assembled 1nside the accu-
mulator sleeve 456 1n a sliding fit. The accumulation cham-
ber 436 1s positioned longitudinally between the intake valve
assembly 416 and the floating piston 458 and the pressurized
chamber 460 1s positioned longitudinally between the float-
ing piston 458 and the closed end 462 of the accumulator
sleeve 456. In other words, the pressurized chamber 460 1s
separated from the accumulation chamber 436 by the float-
ing piston 4358. The pressurized chamber 460 contains
pressurized fluid that operates to bias the tloating piston 4358
toward the intake valve assembly 416.

The damper 250 includes one or more first accumulator
ports 466 and one or more second accumulator ports 468 in
the outer tube 272. Specifically, the first accumulator ports
466 are arranged in fluild communication with and extend
between the first collector chamber 392 and the accumula-
tion chamber 436. The second accumulator ports 468 are
arranged 1n fluid communication with and extend between
the second collector chamber 406 and the accumulation
chamber 436. In other words, the accumulation chamber 436
1s arranged in fluid communication with the first collector
chamber 392 via the first accumulator port 466 and arranged
in fluid communication with the second collector chamber
406 via the second accumulator port 468.

The damper 250 further includes at least one first, second,
third and fourth open ports 470, 472, 474, 476 1n the outer
tube 272. The first open ports 470 are arranged in fluid
communication with and extend between the first collector
chamber 392 and the first intermediate chamber 432. The
second open ports 472 are arranged 1n fluid communication
with and extend between the first collector chamber 392 and
the second intermediate chamber 434. The third open ports
474 are arranged in fluild communication with and extend
between the second collector chamber 406 and the first
intermediate chamber 432. The fourth open ports 476 are
arranged 1n fluid communication with and extend between
the second collector chamber 406 and the second interme-
diate chamber 434. Each of the first accumulator port 466,
the second accumulator port 468, the first open port 470, the
second open port 472, the third open port 474, and the fourth
open port 476 are in the form of open holes, slots, or
apertures that are not open or closed by a valve. As such,
fluid may freely tlow between the first collector chamber
392 and the accumulation chamber 436, first intermediate
chamber 432, and the second intermediate chamber 434.
Additionally, fluid may freely flow between the second
collector chamber 406 and the accumulation chamber 436,
the first intermediate chamber 432, and the second interme-
diate chamber 434.

Operation of the damper 250 during a compression stroke
and an extension/rebound stroke will now be explained 1n
greater detail. As shown in FIG. 9, when the piston 260
moves towards the intake valve assembly 416 during a
compression stroke, the volume of the second working
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chamber 264 decreases. The first control valve 338 1is
actuated to the open position during compression strokes of
the damper 250 to regulate fluid flow from the second
intermediate chamber 434 to the first collector chamber 392.
Specifically, the degree of opening of the first control valve
338 may be regulated to adjust the compression damping
characteristics of the damper 250. At the same time, the
second control valve 350 1s in the closed position during
compression strokes of the damper 250.

During a compression stroke, a compression flow path P1
1s defined when the first control valve 338 1s open. The
piston 260 moves toward the second inner tube end 256
where fluid 1n the second working chamber 264 tlows to the
second intermediate channel portion 370 via the second
working chamber opening 374 1n the inner tube 252 along
flow path P2. Fluid in the second intermediate channel
portion 370 flows 1nto the first control valve ilet 340 via the
first control valve inlet passage 346 and out into the first
collector chamber 392 via the first control valve outlet 342
along compression flow path P1. Fluid flows from the
second working chamber 264 through the central passage
452 into the second intermediate chamber 434 via the
toothed ring 426 and fluid 1n the second intermediate cham-
ber 434 flows into the first collector chamber 392 via the
second open port 472 along flow path P3. Fluid in the first
collector chamber 392 flows into the accumulation chamber
436 via the first accumulator port 466 and into the first
intermediate chamber 432 via the first open port 470 along
flow path P4. When the pressure differential between the
first intermediate chamber 432 and the reservoir chamber
326 exceeds the third pressure threshold, the first intake
valve 444 will open and will flow through the first intake
valve passage 448 and into the reservoir chamber 326 along
flow path P5.

As a greater length of the piston rod 284 moves 1nto the
first working chamber 262 1n a compression stroke, volume
of the fluid that 1s displaced by the piston rod 284 increases.
Fluid flows into the first collector chamber 392, through the
first accumulator port 466, and into the accumulation cham-
ber 436, which causes the floating piston 438 to move away
from the intake valve assembly 416, increasing a size of the
accumulation chamber 436.

As shown 1n FIG. 10, when the piston 260 moves away
from the intake valve assembly 416 and towards the first
inner tube end 254 during an extension/rebound stroke, the
volume of the fluid 1n the second working chamber 264
increases. The second control valve 350 1s actuated to the
open position during extension/rebound strokes of the
damper 250 to regulate fluid flow from the first intermediate
channel portion 368 to the second collector chamber 406.
Specifically, the degree of opeming of the second control
valve 350 may be regulated to adjust the extension/rebound
damping characteristics of the damper 250. At the same
time, the first control valve 338 1s in the closed position
during extension/rebound strokes of the damper 250.

During an extension/rebound stroke, an extension flow
path P6 1s defined when the second control valve 350 1s
open. The piston 260 moves toward the first inner tube end
254 where fluid 1n the first working chamber 262 flows to the
first intermediate channel portion 368 via the first working
chamber opening 372 along tlow path P7. Fluid 1n the first
intermediate channel portion 368 flows into the second
control valve inlet 352 via the second control valve inlet
passage 358 and out 1nto the second collector chamber 406
via the second control valve outlet 354 along extension flow
path P6. Fluid in the accumulation chamber 436 tlows 1nto
the second collector chamber 406 via the second accumu-
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lation port along flow path P8. Fluid in the second collector
chamber 406 flows to the first intermediate chamber 432 via
the third open port 474. When the pressure differential
between the first mntermediate chamber 432 and the second
intermediate chamber 434 exceeds the break pressure of the
second 1ntake valve 446, the second intake valve 446 will
open and fluid 1n the first intermediate chamber 432 will
flows to the second intermediate chamber 434 along flow
path P9. Fluid 1n the second intermediate chamber 434 flows
to the central passage 452 through the toothed ring 426 and
fluid 1n the central passage 452 tlows to the second working
chamber 264.

As the piston rod 284 moves out of the first working
chamber 262 1n an extension/rebound stroke, volume that 1s
displaced by the piston rod 284 decreases. Thus, an addi-
tional flow of fluid must be supplied from the accumulation
chamber 436 to compensate for the decrease 1n the displaced
volume. Fluid in the accumulation chamber 436 flows
through the second accumulator port 468 and into the second
collector chamber 406, which causes the floating piston 458
to move towards the intake valve assembly 416, decreasing
the size of the accumulation chamber 436.

While aspects of the present disclosure have been par-
ticularly shown and described with reference to the embodi-
ments above, it will be understood by those skilled 1n the art
that various additional embodiments may be contemplated
by the modification of the disclosed dampers 50, 250 with-
out departing from the spirit and scope of what 1s disclosed.
Such embodiments should be understood to fall within the
scope of the present disclosure as determined based upon the
claims and any equivalents thereof.

What 1s claimed 1s:

1. A damper, comprising:

an inner tube extending longitudinally between a first
inner tube end and a second inner tube end along a
longitudinal axis;

a piston assembly including a piston slidably disposed
within said inner tube to define a first working chamber
and a second working chamber;

an outer tube disposed annularly around said inner tube
and extends longitudinally between a first outer tube
end and a second outer tube end;

a first cover member attached to said outer tube such that
a first collector chamber 1s defined between said first
cover member and said outer tube;

a {irst control valve externally mounted to said first cover
member, said first control valve has a first control valve
inlet and a first control valve outlet;

a second cover member attached to said outer tube and
such that a second collector chamber 1s defined
between said second cover member and said outer tube:

a second control valve externally mounted to said second
cover member, said second control valve has a second
control valve inlet and a second control valve outlet:

an mtermediate tube disposed annularly about said inner
tube and positioned radially between said inner tube
and said outer tube;

said intermediate tube includes a first intermediate tube
opening and a second intermediate tube opening that
extend radially through said intermediate tube;

an intermediate channel disposed radially between said
intermediate tube and said inner tube;

a reservolr chamber disposed radially between said inter-
mediate tube and said outer tube;

a slanted elliptical seal that 1s positioned at an oblique
angle relative to said longitudinal axis and divides said
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intermediate channel into a first intermediate channel
portion and a second intermediate channel portion;

said first control valve arranged in fluild communication
with said second intermediate channel portion via said
first intermediate tube opening;

said second control valve arranged 1n fluid communica-
tion with said first intermediate channel portion via said
second 1ntermediate tube opening;

an intake valve assembly positioned within said outer tube
to define an accumulation chamber that 1s arranged in
fluid communication with said first and second collec-
tor chambers;

said 1ntake valve assembly including:

a first intermediate chamber disposed 1n fluid communi-

cation with said first and second collector chambers,

a second 1mtermediate chamber disposed 1n fluid commu-
nication with said second working chamber and said
first and second collector chambers,

a central passage that extends longitudinally through the
intake valve assembly and that 1s arranged in fluid
communication with the second intermediate chamber
and the second working chamber,

a first intake valve that controls fluid flow between said
first intermediate chamber and said reservoir chamber,
and

a second intake valve that controls fluid flow between said
first and second intermediate chambers.

2. The damper of claim 1, wherein said first intermediate
channel portion 1s arranged in fluid communication with said
first working chamber via at least one first working chamber
opening and said second intermediate channel portion 1is
arranged 1n fluid communication with said second working
chamber via at least one second working chamber opening.
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3. The damper of claim 2, wherein a compression flow
path 1s defined when said first control valve 1s opened and
said piston moves toward said second inner tube end where
fluid 1n said second working chamber flows to said second
intermediate channel portion via said second working cham-
ber opening 1n said nner tube, fluid in said second inter-
mediate channel portion tlows into said first control valve
inlet and out into said first collector chamber via said first
control valve outlet, fluid flows from said second working
chamber through said central passage into said second
intermediate chamber, fluild 1n said second intermediate
chamber flows 1nto said first collector chamber, fluid 1n said
first collector chamber tlows 1nto said accumulation cham-
ber and 1nto said first intermediate chamber, when a pressure
differential between said first intermediate chamber and said
reservolr chamber exceeds a pressure threshold, said first
intake valve will open and fluid will flow through said first
intake valve and into said reservoir chamber.

4. The damper of claim 2, wherein an extension tlow path
1s defined when said second control valve 1s opened and said
piston moves toward said first inner tube end where fluid 1n
said first working chamber flows to said first intermediate
channel portion via said first working chamber opening,
fluid 1n said first intermediate channel portion flows 1nto said
second control valve inlet and out 1nto said second collector
chamber via said second control valve outlet, fluid 1n said
accumulation chamber flows into said second collector
chamber, fluid 1n said second collector chamber flows to said
first intermediate chamber, fluid 1n said first intermediate
chamber flows to said second intermediate chamber via said
second 1ntake valve, fluid 1n said second intermediate cham-
ber tlows to said central passage, and flmd 1n said central
passage tlows to said second working chamber.
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